The millimeter-wave rotational spectra of the symmetric top molecules CH 3 CN, 13 CH 3 CN, CH 3 13 CN, CH 3 C 15 N, CD 3 CN , 13 CD 3 CN, CD 3 13 CN and CD 3 C 15 N have been investigated again in their ground and v 4 = 1 states. The analysis of spectra and fitting the frequencies in these states give rotational parameters with higher accuracy compare with previous works. The parameter H J = -0.107(96) mHz was determined for CH 3 C 15 N for the first time.
Introduction
Methyl Cyanide, CH 3 CN is a symmetric top molecule and belongs to the C 3v point group. The symmetry species for this point group are A 1 , A 2 , and E. This compound has 8 different fundamental frequencies and 4 + 4×2 = 12 modes of vibration. All of these vibrations are both infrared and Raman active. The infrared spectrum of CD 3 CN is similar to that of CH 3 CN in many respects. Following the Pauli principle and the symmetries of the rovibronic states, the rotational levels are separated into two symmetry modifications, distinguished by their nuclear spin states. Levels where K is a multiple of 3 (K = 0,3,6,…) belong to the A symmetry state while those with K not a multiple of 3 (K = 1,2,4,5,…) belong to the E species. The A symmetry modifications have twice the spin statistical weight of the E states. The lowest doubly degenerate vibrational level, v 8 = 1, is approximately a N C C ≡ − − bending mode and lies at 361 cm -1 (331 cm -1 for CD 3 CN) 1 and consequently has a population which is 6% of the ground state (ignoring degeneracy) at the temperature of 298 K. The next highest frequency is C-C stretch v 4 (A 1 ) = 1 and lies at 920 cm -1 (831.3 cm -1 for CD 3 CN) 1 , so there is no doubt about the assignment of the series of lines which lie to high frequency of the ground state rotational transitions. Symmetric top molecules such as CF 3 CCH, CF 3 CN and CH 3 CN have been investigated in different vibrational excited states before. The authors showed that resonance can take place in these molecules in different k value which is dependent on their rotational parameters [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The aim of this study is determination of rotational parameters for mixing the low and high J values, which are more accurate and reliable.
Rotational Spectra in Ground and non-degenerate vibrational States
For ground and non degenerate vibrational states of a prolate C 3v molecule, the diagonal part of the rotational Hamiltonian may be written as equation 
CH 3 CN, Ground State
The 185 different measurements of CH 3 CN for ground state were combined to each other [18] [19] [20] . A weighted least-squares method 21 was used to fit the mixed frequencies for low and high J values to the parameters of equation 2, in which the weights were taken to be w = 1/ (observed error) 2 = 1/(0.1) 2 , where 0.1 in MHz is estimated uncertainty in an observation for each unblended line. A few lines have an observed error of 0.2 to 0.5 MHz to allow for overlapping or broadening. The result of refinement is listed in Table 1 , and correlation coefficients of parameters are shown in Table 2 . These tables show that the mixed frequencies of low and high values of CH 3 CN were fitted very well and correlation coefficients of parameters are reasonable. The structural parameters of this compound as shown in Table 3 were obtained with higher accuracy and compared with previous works. Tables 4 to 6 . The obtained parameters are shown in Table 7 and compared with previous works. Figure 1 . This deviation is due to Fermi resonance 19, 23 . For obtaining the reasonable fitting, the k = 6, 7 and 8 were excluded from fitting. In this case the values of sigma and sigma.w show that the result of fitting is satisfactory. The result of refinement of frequencies are listed in Table 9 and compared with previous works. 22, 24 . The result of fitting are listed in Table 10 .The values of the parameters obtained are shown in Table 11 and compared with pervious works. Sextic parameters H kJ and H Jk were determined with more accuracy compared with previous works 
Results and Discussion
The spectra in ground and v 4 states are simple, so the different k values (k = 0,1,2,3,4...) for each J transition are easily assigned. The centrifugal distortion produces a band head at high frequency at k = 0, with a spread to lower frequency with higher k.
If |k| values are plotted against frequency for ground state, the Fortrat diagram is produced which is shown in Figure 2 . In this diagram the splitting increase as k increases and this is due to the D Jk parameter. In other words the term -2D Jk (J + 1)k 2 has the effect of separating the (J + 1) components of each (J + 1) -J transition. Due to negative value 13 (-2.512 kHz) of D Jk for CHCl 3 , this situation is different Figure 3 .
Most of the rotational constants for CH 3 C 15 N molecule were determined with higher accuracy compare to parameters derived by previous works. The H J parameter was obtained -0.107(96) mHz for this molecule for the first time (Table 7) . But this parameter was not determinable for other species and constrained to zero since their inclusion in the fit did not improve the sum of weighted squares of errors and resulted in a value not significantly different from zero. H Jk appears to be more important than H kJ in analysis of high J rotational spectra all of the isotopic species of CH 3 CN molecule.D k has no influence on the quality of the fit. Table 11 shows that most of the parameters of CD 3 CN were determined with more accuracy and reliability. Investigation in Tables 7 and 15 
